NMR investigation of DNA conformational changes on base protonation: use of Cu2+ and pyrazole as probes.
In order to evaluate models for the acid denaturation of DNA and to assess the potential importance of protonated bases in mutations and gene expression, an NMR investigation of DNA and nucleotides in the pH range 7-2 has been conducted. The changes in the imino proton spectral region are readily observed and quite dramatic on lowering pH. At pH 7.0, calf thymus DNA has imino proton signals for AT (13.6 ppm, 56% area) and GC (12.6 ppm, 44% area) base pairs but no peaks in the 10-12 ppm region. At pH 5 a broad peak(s) between 10 and 11 ppm was (were) observed, and it narrowed and shifted to 10.9 ppm at pH 3.2. The original GC area was lost by pH 3.2 while the AT area was reduced by 50%. Below pH 3 the remainder of the AT signal was lost, and the area of the 10.9 ppm peak increased. Over this pH range the aromatic proton signals of DNA sharpened, and the cytosine amino proton signals in DNA narrowed and shifted downfield. Addition of pyrazole in the pH 4-6 range caused broadening of the new resonance but had very little effect on the original signals. Addition of Cu2+ in the pH 4-6 range resulted in a large loss in area of the GC and the new upfield peak(s). However, at lower pH, the upfield peak was not totally broadened by Cu2+. At pH below 7, the broad 31P signal of calf thymus DNA shifted slightly downfield and sharpened.(ABSTRACT TRUNCATED AT 250 WORDS)